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Abstract 
We propose a novel system of a tweezers generated source  using a dark-bright soliton pulse propagating within a 
PANDA ring resonator, which is consisted of an add/drop optical multiplexer and two nanoring reonators. The 
potential well stability is generated and achieved when the system is controlled by the Gaussian pulse via a control 
port. The dynamic multi-tweezers can be generated, which can be available for molecule/atom trapping and 
transportation sources. 
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1. Introduction 
Dark-bright soliton control within a semiconductor add/drop multiplexer has shown the promising applications, 
which has been investigated clearly by the authors in references [1, 2]. One of the advantages is that the dark soliton 
peak signal is always at a low level, which is useful for secured signal communication in the transmission link. The 
other is formed when the high optical field is configured as an optical tweezer or potential well [3, 4], which is 
available for atom/molecule trapping. In principle, an optical tweezer uses forces exerted by intensity gradients in a 
strongly focused beam of light to trap and move a microscopic volume of matter. Therefore, optical tweezers 
technique has become a powerful tool for manipulation of micrometer-sized particles in three spatial dimensions.  
Initially, the useful static tweezer is recognized, and the dynamic tweezer is now realized in practical work [5-8]. 
Recently, Schulz et al [9] have shown that the transfer of trapped atoms between two optical potentials could be 
performed. 
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In this paper, the multiplexing signals with different wavelengths of the dark solitons are controlled and amplified 
within the system.  The dynamic behaviors of dark bright soliton interaction are analyzed and described. By using 
the bright soliton input, the difference in time of the first two dynamic wells of 1 ns is noted. The potential well 
stability is seen when the Gaussian pulse is input into the control port. In application, the optical tweezers can be 
stored and trapped light/atom, which can form the dynamic tweezers for transportation. 
2. A PANDA Ring Resonator 
We are looking for a stationary dark soliton pulse, which is introduced into the PANDA ring resonator(add/drop 
optical filter) design as shown in figure 1. The input optical field (Ein) of the dark soliton pulse input and the add 
optical field (Eadd) of the bright soliton or Gaussian pulse at control port are given by [1, 10].
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A and z are the optical field amplitude and propagation distance, respectively. T is a soliton pulse propagation time in 
a frame moving at the group velocity, T = tíE1z, where E1 and E2 are the coefficients of the linear and second-order 
terms of Taylor expansion of the propagation constant. LD = 
2
0 2T E  is the dispersion length of the soliton pulse. T0 
in equation is a soliton pulse propagation time at initial input (or soliton pulse width), where t is the soliton phase 
shift time, and the frequency shift of the soliton is Ȧ0. This solution describes a pulse that keeps its temporal width 
invariance as it propagates, and thus is called a temporal soliton. When a soliton of peak intensity  22 0TE *  is 
given, then T0 is known. For the soliton pulse in the microring device, a balance should be achieved between the 
dispersion length (LD) and the nonlinear length (LNL = 1/*INL) . Here * = n2k0, is the length scale over which 
dispersive or nonlinear effects makes the beam become wider or narrower. For a soliton pulse, there is a balance 
between dispersion and nonlinear lengths. Hence LD = LNL. For Gaussian pulse in Eq. (1c), 0E  is the amplitude of 
optical field. 
When light propagates within the nonlinear medium, the refractive index (n) of light within the medium is given 
by 
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 with n0 and n2 as the linear and nonlinear refractive indexes, respectively. I and P are the optical intensity and 
optical power, respectively. The effective mode core area of the device is given by Aeff. For the add/drop optical 
filter design, the effective mode core areas range from 0.1 to 0.50 m2,  in which the parameters were obtained by 
using the related practical material parameters (InGaAsP/InP)[11]. When a dark soliton pulse is input and 
propagated within a add/drop optical filter as shown in Fig. 1, the resonant output is formed . Thus, the normalized 
output of the light field is defined as the ratio between the output and input fields [Eout(t) and Ein(t)] in each 
roundtrip. This is given as[12] 
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The close form of Eq. (3) indicates that a ring resonator in this particular case is very similar to a Fabry–Perot 
cavity, which has an input and output mirror with a field reflectivity, (1íN), and a fully reflecting mirror. N is the 
coupling coefficient, and x = exp(íDL/2) represents a roundtrip loss coefficient, I0 = kLn0 and INL = kLn2|Ein|2 are 
the linear and nonlinear phase shifts, k = 2S/O is the wave propagation number in a vacuum. L and D are the 
waveguide length and linear absorption coefficient, respectively. In this work, the iterative method is introduced to 
obtain the results as shown in Eq. (3), and similarly, when the output field is connected and input into the other ring 
resonators. 
In order to retrieve the signals from the chaotic noise, we propose to use the add/drop device with the appropriate 
parameters. This is given in the following details. The optical circuits of ring-resonator add/drop filters for the 
through port and drop port can be given by Eqs. (4) and (5), respectively [13].
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Here Et and Ed represent the optical fields of the through port and drop ports, respectively. neff is the effective 
refractive index of the waveguide, and the circumference of the ring is L = 2SR, with R as the radius of the ring. The 
chaotic noise cancellation can be managed by using the specific parameters of the add/drop device, and the required 
signals can be retrieved by the specific users. N1 and N2 are the coupling coefficients of the add/drop filters, kn = 2S/O 
is the wave propagation number for in a vacuum, and the waveguide (ring resonator) loss is D = 0.5 dBmmí1. The 
fractional coupler intensity loss is J = 0.1. In the case of the add/drop device, the nonlinear refractive index is 
neglected. 
The output field ( 1Et ) at through port is given by [14] 
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The electric fields 0E and 0LE  are the field circulated within the nanoring at the right and left side of add/drop 
optical filter. 
The power output ( 1tP ) at through port is written as 
2
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The output field ( 2tE ) at drop port is expressed as 
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The power output ( 2tP ) at drop port is 
2
2 2 . t tP E                  (9) 
 
3. Dynamic Tweezers Generation 
In figure 2(A) – 2(F), the tweezers in the form of potential wells are generated and seen. The potential well 
depth (peak valley) can be controlled by adjusting the system parameters, for instance, the bright soliton input power 
at the add port and the coupling coefficients. In application, the optical tweezers in the design system can be tuned 
and amplified as shown in figures 2, in which the tunable optical tweezers can be controlled by the dark-bright 
soliton collision within the light signal multiplexer. This can be done by adjusting the parameters of the input power 
at the input and add ports, respectively.  
The output power at the through port is shown in figure 2(F), in which the potential well with the optical 
power output of 15 W is observed. More results are as shown in figure 3. In simulation, the coupling coefficients are 
given as N0 = 0.1, N1 = 0.35, N2 = 0.1 and N3 = 0.2, respectively. The ring radii are Radd = 1m, Rright = 100nm and 
Rleft = 100nm, in which the nanoring radius of 100 nm is practically confirmed by reference [15]. Aeff are 0.50, 0.25 
and 0.25 Pm2 [11] for add/drop, right and left ring resonators respectively. In figure 4(A)-(F), to control the required 
well we adjust the coupling coefficients, which they are given as by N0 = 0.2, N1 = 0.35, N2 = 0.1 and N3 = 0.1, 
respectively, the simulation results are obtained for four different center wavelengths as shown, where (A) |E1|2, (B) 
|E2|2, (C) |E3|2 and (D) |E4|2 (E) are the through  and (F) drop port signals. We found that the optical potential wells 
are stable and seen by using the suitable parameters in the add/drop design system. The obtained optical potential 
wells can be amplified and tuned as shown in figure 4(B) – (E), whereas the wells are seen. The double wells and 
single well outputs are obtained, whereas in this case the single well width of 16 nm is seen as shown in Figure 4(F). 
 
1N
2N
1E
2E
4E
3E
0E
1 2 3, ,O O O
1 3,O O 1O
1O
adR N rR0LE 3NLR
 
 
Figure 1. Schematic diagram of light signal multiplexer controlled by light in a PANDA ring resonator. 
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Figure 2. Results of dynamic tweezers array with five different center wavelengths, where (A) |E1|2, (B) |E2|2, (C) 
|E3|2, (D) |E4|2, (E) through port and (F) drop port signals with trapped atoms. 
1300 1350 1400 1450 1500
0
0.5
1
In
pu
t 
(W
)
1300 1350 1400 1450 1500 1550 1600
0
10
20
|E
2|2
(W
)
1300 1350 1400 1450 1500 1550 1600
0
5
10
1350 1400 1450 1500 1550
0
100
200
300
1300 1350 1400 1450 1500 1550 1600
0
20
40
60
|E
4|2
(W
)
1300 1350 1400 1450 1500 1550 1600
0
5
10
Wavelength (nm)
D
ro
p,
 |E
t2
|2  
(W
)
|E
3|2
(W
)
|E
t1
|2  
(W
)
1=1400nm
1=1400nm
1=1400nm
1=1400nm
=1500nm
=1450nm
=1450nm
=1450nm
=1450nm =1500nm
=1500nm
=1500nm
(A)
(B)
(C)
(D)
(E)
(F)
Gaussian
Dark Soliton
 
Figure 3. Simulation result of two tweezers with different center wavelengths O1 = 1400nm, O2 = 1450nm, and O3 = 
1500 nm, where (A) input dark soliton and Gaussian control signals, (B) |E2|2, (C) |E3|2, (D) |E4|2, (E) through port 
and (F) drop port signals. 
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Figure 4. Simulation result of optical dynamic potential wells with  four different center wavelengths using the 
Gaussian signal at the control port, where (A) |E1|2, (B) |E2|2, (C) |E3|2, (D) |E4|2, (E) through  and (F) drop port 
signals, dark solitons and Gaussian pulse are the input and control ports respectively. 
4. Conclusions 
We have proposed the new system of molecule/atom trapping, where in this case the control trapping system is 
involved by using the control signal via an add port. Results obtained have shown that the multi dynamic wells can 
be generated and controlled, where the well width of 16 nm at the 1.5 ȝm is noted. The potential well stability is 
seen when the Gaussian pulse is input into the control port. In application, the optical tweezers can be stored and 
trapped light/atom, which can be used to form the dynamic tweezers and tweezers memory. 
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